Abstract: The aim of this study was to detect possible differences in the EMG (electromiography) activity, chewing rate (CR), cycle duration (CD) and preferred chewing side (PCS) between children with and without unilateral posterior crossbite. Thirty-seven children aged from 7 to 10 years were selected from the clinic of the Department of Pediatric Dentistry, Piracicaba Dental School, Brazil, and divided into two groups: unilateral posterior crossbite (UPCB group, n = 17), and normal occlusion (NOccl group, n = 20). The PCS was determined using a visual spot-checking method. The EMG activity was recorded during mastication, and two chewing sequences of 20 s were evaluated to establish each subject's CR (cycles/sec) and CD. UPCB and NOccl groups did not have a PCS. The EMG activity and the cycle characteristics did not differ between the groups. The correlations between CD, CR and EMG activity were statistically significant for the masseter and anterior temporalis muscles only in the NOccl group, in which there was also a significant correlation between the EMG activity of masseter and anterior temporalis. In conclusion, these findings suggest that although children with and without UPCB presented a bilateral masticatory pattern with similar CR and CD, balanced EMG activity of masseter and anterior temporalis muscles was observed only in the NOccl group. These results indicate that in children, UPCB can alter the coordination of masticatory muscles during mastication.
Introduction
Posterior crossbite is defined as a malocclusion in the canine, molar and/or premolar regions, characterized by the buccal cusps of the maxillary teeth occluding lingually against the buccal cusps of the corresponding mandibular teeth. 1 It may develop during eruption of the primary dentition and can involve the permanent dentition at a later stage of development. It may originate from a skeletal or dental malrelationship, or both, and may lead to a mandibular displacement. 2 Some studies in children and adolescents have shown that posterior crossbite has been associated with asymmetrical function of the masticatory muscles, [3] [4] [5] signs and symptoms of temporomandibular disorders (TMD), such as pain, headache, and muscle tenderness, 6, 7 which may relate to the masticatory muscle performance. 4, 8 Various techniques have been used to monitor mastication. 9 Among these techniques, electromyography (EMG), the measurement of the electrical activity of muscles, has found wide application. 10 EMG has been used to identify differences in chewing patterns between individuals, and to classify them into groups according to their chewing efficiency. 11 According to Planas 12 (1997) , the crossbite side presents a greater number of occlusal contacts in function, being the preferred chewing side. However, these characteristics were not confirmed by other studies. 9, 13 Chewing side preference was defined by Christensen and Radue 14 (1985) as: "when mastication is performed consistently or predominantly on the right or left side of the dentition". Considering that masticatory function during growth has a biological impact on the growing structures, a unilateral mastication may lead to asymmetric anatomical structures (bones, temporomandibular joint, muscles, and teeth) on completion of growth. 12, 15 Thus, understanding whether and how posterior crossbite malocclusion influences the preferred chewing side and EMG activity of masticatory muscles would be particularly appropriate.
This study was designed to detect whether there is any difference in the EMG activity during mastication, chewing rate, cycle duration and preferred chewing side between children with and without unilateral posterior crossbite.
Material and Methods
A cross-sectional study design was used with subjects recruited as a convenience sample of 37 children aged 7-10 years, who were to start dental treatment at the Department of Pediatric Dentistry, Piracicaba Dental School, University of Campinas, Piracicaba, SP, Brazil. The Research Ethics Committee of the Dental School approved the project (Protocol Nos. 020/2006 and 023/2006).
The children were divided into two groups: children with unilateral posterior crossbite (UPCB group,) consisting of 17 subjects aged from 7 to 10 years (8.65 ± 1.23); from these, 12 subjects had unilateral crossbite on the left side, five on the right side. The control group consisted of 20 children with normal occlusion (NOccl group) (mean age 8.64 ± 1.15 years). The children and their parents or guardians received an oral and written explanation about our aims and research methodology. After obtaining the consent of term, we conducted an anamnesis to verify their medical and dental history and oral habits. The exclusion criteria for both groups were the presence of symptoms of craniomandibular dysfunction, major dental reconstructions, previous or current orthodontic treatment, caries, and/or severe gingivitis or missing teeth. Only subjects with unilateral presentation of posterior crossbite with a functional shift of the mandible toward the crossbite side were selected. Children with crossbite resulting from dental inclination were not considered.
Preferred chewing side
The preferred chewing side was determined using a modification of the visual spot-checking method described by Christensen and Radue 16 (1985) . Subjects were given a 1.7 g piece of Trident (Cadbury, Bauru, São Paulo, Brazil) (Sugar Free chewing gum) and were instructed to chew in their habitual manner. After 15 s, they were asked to stop chewing, clench the gum between their teeth and grin broadly so that the position of the chewing gum could be observed and recorded as right or left. This procedure was carried out seven times consecutively. The term "observed preferred chewing side" (OPCS) was used when the child chewed 5/7, 6/7 or 7/7 times on the same side.
Chewing characteristics
Two chewing sequences of 20 seconds were recorded, as described above. The average of the number of cycles in these two sequences was then divided by 20 s to establish each subject's automatic habitual chewing rate (cycle/s). Furthermore, the mean duration of each cycle during the 20 seconds was calculated.
Electromyographic evaluation
The activities of the right and left masseter and anterior temporal muscles were measured by the EMG System do Brazil Ltda. (São Paulo, SP, Brazil) MCS-V2 Electromyograph, using a differential double electrode, a bandpass filter at 20 to 1,000 Hz, and a subsequent amplification of 50 times with a common mode rejection ratio of 130 dB to 60 Hz. The data were sent to a 14-bit A/D converter and sampled at 2,000 Hz. A differential double electrode was used, with 100 times pre-amplification and two contacts measuring 10.0 x 1.0 mm, with a distance of 10.0 mm between them, impedance upwards of 10 GΩ and a common rejection value of 130 dB to 60 Hz, crafted in silver and fixed in a resin capsule measuring 40 x 20 x 5 mm. During the experiment, the child remained comfortably seated, with a straight back and head oriented in the Frankfort plane parallel to the floor. Both the skin and the electrodes were cleaned with 70 percent GL ethyl alcohol in order to eliminate any residues of grease or pollution, and for the anterior temporalis muscle, the skin was shaved, when necessary.
The electrodes were placed on the masseter and anterior temporalis in the following orientations: masseter -level halfway between the zygomatic arch and the gonial angle, close to the level of the occlusal plane; anterior portion of the temporalis muscle -in front of the anterior border of the hairline. A ground electrode was also used on the right hand to reduce electromagnetic interferences and other acquisition noise. The muscle activity was recorded during two chewing sequences (chewing gum) of 20 seconds and the means of root mean square (RMS) were used. The mean of two measurements was considered. The methodology for signal treatment was in accordance with Merletti 17 (1999) . The children were instructed to chew in their habitual manner.
Statistical analysis
Comparisons between sides (crossbite side vs. non-crossbite side/UPCB group or right side vs. left side/NOccl group) were performed by the paired t-test. The chewing rate and EMG activity were compared between groups using the unpaired ttest. Fisher's exact test was used to associate the preferred chewing side in the two groups. The relationship between chewing characteristics and EMG activity was evaluated by the appropriate Pearson's and Spearman coefficient tests. The level of significance was set at α = 0.05. Table 1 shows the sample distribution, the total crossbite group and control group in relation to preferred chewing side. There was no statistical difference between groups.
Results
Graph 1 shows the comparison between sides in the UPCB and NOccl groups. There were no significant differences between the crossbite side and the normal one in the UPCB group, neither between the right and left sides in the NOccl group. (p > 0.05).
Since there were no differences between sides, the mean EMG values of the right and left masseter and anterior temporalis were considered for comparisons between groups. Graph 2 shows the respective values. There were no significant differences between groups (p > 0.05).
Graph 3 shows the chewing cycle characteristics for UPCB and NOccl groups, in which no significant differences could be observed (p > 0.05). Table 2 reports the correlation between chewing characteristics and EMG activity during chewing in the UPCB group and in the NOccl group. A significant correlation was observed between chewing rate and cycle duration, in both the UPCB and NOccl groups. For the masseter, the correlation between cycle duration and EMG activity in the NOccl group was negative, moderate and signifi cant. Conversely, the correlation between chewing rate and EMG activity of masseter was positive, moderate and signifi cant. As regards the anterior temporalis muscle, the correlations exhibited the same pattern observed in the masseter. Therefore, the EMG activity of the masticatory muscles showed signifi cant correlations with chewing characteristics only in the NOccl group. Moreover, the correlation between the EMG activities of masseter and anterior temporalis was strong and statistically signifi cant only in the NOccl group.
Discussion
In the present study, using the visual spot-check- ing method, it was observed that most of the children with unilateral posterior crossbite showed a bilateral pattern of mastication, without a preferred side, in agreement with previous findings. 10, 14, 18, 19 There were no significant differences regarding the preferred chewing side between UPCB and NOccl groups (Table 1) . These findings could be justified by the fact that chewing is considered an event determined at two levels, an individual central chewing pattern generator, and peripheral events inducing chewing adaptations. 20 Establishment of the individual central chewing pattern begins with tooth eruption, and is well established in a child with a complete deciduous dentition. 21 Once the central chewing pattern has been established, it appears to be relatively resistant to change. 20 Therefore, since the children were evaluated during mixed dentition, they could perhaps persist with the chewing pattern they acquired early.
The above-mentioned comments can be supported by the absence of significant differences in the electrical activity of masseter and anterior temporalis muscles observed between sides in both groups, as well as in inter-groups comparisons (Graphs 1 and 2). These results are in agreement with those obtained by Alarcón et al. 13 (2000) and Andrade et al. 22 (2009) , in which no significant differences were found between sides in both crossbite and normocclusive subjects. This could mean that during chewing there is a symmetric function of the masticatory muscles, and therefore chewing can be predominantly bilateral, despite the presence of UPCB, as was also previously considered. 9, 13, 18, 22 Conversely, Egermark-Eriksson et al. 6 (1990) found that crossbite subjects preferred to chew unilaterally, whereas Ingervall and Thilander 18 (1975) showed that patients with lateral shift had a lower activity of the anterior and posterior temporalis muscles than normocclusive subjects, but the activity of the masseter muscles was similar in both groups. The discrepancies among the results in different studies may be due to differences between the samples, the location of the measuring points, and the use of different EMG techniques.
Comparisons between the chewing characteristics in children with and without UPCB showed a similar rhythm and cycle duration during mastication (Graph 3), showing that those with UPCB have probably generated adaptive responses to the morphologic alterations, allowing similar masticatory function. Throckmorton et al. 20 (2001) reported that patients with unilateral posterior crossbite chewed more slowly than did the controls, and after treatment their cycle duration was shortened to equal those of control values. This controversial finding could be due to different methodologies, since they recorded chewing using an intraoral splint attached to each subject's lower teeth, and in the present study the mean EMG activity during chewing was recorded without any intraoral appliance. It is well known that masticatory rhythm is sensitive to sensory input. This peripheral level responds to interferences by slowing or even stopping the chewing cycle, and by lowering the amount of occlusal force used during mastication. 23, 24 However, the chewing cycle duration is much more sensitive to the central pattern generator located in the brain stem, 25 and the chewing rate is relatively resistant to change. Therefore, the results of the present study suggest that the occlusal interferences associated with crossbite are insufficient to alter the output of the central pattern generator as regards the chewing rate.
Some studies showed that children with a unilateral posterior crossbite exhibit unusual chewing patterns when chewing on the affected side and this is characterized by an increased frequency of reverse sequencing. 3, 20 Ben-Bassat et al. 26 (1993) and Throckmorton et al. 20 (2001) reported that successful treatment of a unilateral crossbite with palatal expansion did not eliminate the reverse-sequencing chewing cycles. However, there is evidence that the treatment of posterior crossbite with an orthodontic functional appliance (Function Generating Bite) was able to reduce the prevalence of reverse sequencing chewing cycles in children with this malocclusion. 27 The current study showed an important finding as regards muscular coordination in children with and without UPCB. In the NOccl group, the electrical activities of masseter and anterior temporalis muscles were strongly correlated, but no cor-relations between these muscles were found in the UPCB (Table 2 ). These results suggest that posterior crossbite negatively affects the performance of masticatory muscles during mastication, leading to a poor muscular coordination in children with this malocclusion. Although the cycle shape has not been evaluated in the present study, the unbalanced muscular activity observed in UPCB could be an important finding, indicating some dysfunction in the mastication process. If the asymmetric masticatory function during growth has a biological impact on the growing structures, which may lead to physical and functional problems, 5 the present results reinforce the importance of the fact that such asymmetries may be prevented by orthodontic therapy at an early stage in development.
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Conclusion
The present investigation demonstrated that both groups, with and without UPCB did not present a preferred chewing side. The results obtained by EMG evaluation during chewing indicate a bilateral masticatory pattern in both groups, in which the chewing rate and cycle duration were also similar. However, children with UPCB presented poor muscular coordination during mastication.
